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unir tyPC r Wnle S ° lar " n oon 'l"ln« of two co«blaed 

unit cells was fabricated. Each unit cell was two-i™ 
organic solar cell composed of metal-free ph haZye'n > Z 
Pemene tetracarbo*yi lc derivative. When uLa-thin A„ layeV 
was inserted between unit cells. photovoltage increased e 

A« 2 Ugh, we have l^T^^^r S ° lar 
ic properties of the two-layer organic solar 2 ^ the pnoWvo1 ^- 

cell composed of metal-free phthaloeyanin. 
(H 2 PO and perylene tetracarboxyiic deriva- 
tive (Me-PTC. Fig. l).5) Th0Ufh thl£ 

layer organic solar cell showed large photo- 
current density of the order of mllll-am- 
peres. their photovoltage (about 0.5 V) is 
rather small for the organic eolar cells, o 
the other band, nearly the half of the inci- 
dent light transmitted through the oell «inee 
the thickness of the active region responsi- 
ble for the photovoltaic effect is very thin 

In order to utilise the whole light energy 

and to attain larger photovoltage, a tandem 

type cell seems to be advantageous. The goal 

of this study is to obtain higher conversion 

efficiency by combining different kinds of 

cells which respond to the different region 

of solar spectrum, as for the first step, we 

combined the same type cells in the present 




Fig. i. 
Me-PTC. 



Me -PTC 
Chemical structure of 



ta<20nt) 

rjftjback cell 
— r-Au fllm(<3nm) 

Ht-PTc} ,r ° nt cell 




Fig. 2. The structure of tandem 
organic solar cell. A unit cell 
Is Me-PTC/H 2 Pc. Thin Au tim was 
inserted between two unit cells. 
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work. The structure of the tandem cell is 
shown in Fig. 2. In the H 2 Pc/Me-PTC Inter- 
face, organic p- n junction is formed. Since 
an inverse Junction, however, is inevitably 
formed between H 2 Pc of the front cell and 
Me-PTC of the back cell, it is necessary to 
make an ohmic contact between two unit cells. 
For this purpose, we examined to insert 
ultra-thin Au interstitial-layer (< 3 nm) 
between unit cells. Interestingly, the 
Photovoltaic properties of tandem type organ- 
ic solar cell much depends on the thickness 
of the inserted Au layer. 

Me-PTC (BASF) and H 2 Pc (Tokyo Kasel Co. 
Ltd.) were purified three times by train 
sublimation. 5 ^ The tandem cells were fabri- 
cated by the successive vacuum deposition of 
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Me-PTC. H 2 Pc. and Au on an 1T0 glass under 
The film thickness was moni 




1.3 x 10* 3 Pa 



tored by the oscillating quartz thickness 
meter (ULVAC. CRTM-1000). 

The curves b and c in Fig. 3 show the 
photocurrent density - voltage (J - V) curves 
of the tandem cells. The thickness of the 
front cell and the back cell are the same 
(H 2 Pc: so nm. Me-PTC : 70 nm) . The pigment 
film of this thickness transmits about 40* 
light on an average. The tandem cell without 
Au interstitim-iayer (curve c) showed small- 
er photovoitage (v oc ) and photocurrent densi- 
ty compared to a single cell having a structure of ITO/Me-PTC/H p*,a» , 
When a nm-thick au layer was inserted between unit •m?^^ 1 ^ ° 
cally increase /> ™ v .„u,^ . 0 tne tw *em cell. 



Fig. 3. j-v curves of a single 
cell (a), a tandem ceil with 2 
nm-thick Au interstitial-layer 
<b), and a tandem cell without 
Au layer (c). The film thick- 
ness of a single cell, a front 
cell, and a back cell are the 
same (Me-PTC 70 nm, H 2 Pc 50nm). 
White li ff ht (78 mW om-2) was 
irradiated through ITO glass. 
The voltage indicated is re- 
ferred to that of au electrode. 



oc 



When 

V,. 0„ U „.. „.t»l« AU f tin ... „ l uh \ * *""" 



oc 



" v k^o a tcu au can pro 1 

between H 2 Pe of the front cell and Me-PTC of the beck cell with*,,* * 
Old not increase because of the inverse photovolta*e derated v T V ' 
tween unit cells. °voita*e generated by the Junction be 

Short-circuit photocurrent (j e „) of the tand** 



■"oc" - T, T A „.J. C » 



(1) 
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Here. J * 



sc Is J sc for a single cell 
having a structure of ITO/Me- 
PTC (70 nm)/H 2 p C (30 nm)/Au and T f is <V 100 
the transmittance of the pigment § 
film of the front cell and T Au i e tf 
that of inserted Au layer. The * 

Si 



shape of the action spectrum for 
calculated j b * (Fig. 4 , curve c) 
well agrees with that of the tandem 
cot! (curve b). Thus, we concluded 
that the photocurrent density of 
the tandem cell was mainly deter- 
mined by that of the back cell 
working under the light intensity 
attenuated by the front coll. In 
order to increase the photocurrent 
density of the tandem cell, the 
thickness of the front ceil, namely 
the light absorption by the front 
cell, has to be reduced. 

J sc of fc he tandem celt some- 
what increased by inserting thin Au 
layer between unit cells (Fig. 3, 
curves b and C ) . j sc of ' th e 
tandem cell must be affected by the 
absorption of the inserted Au layer 
because it is determined by that of 
the back cell as discussed previ- 
ously. Figure 5 shows the depend- 
ence of J sc which is corrected for 
Che transoittance of the inserted 
au layer on the thickness of the Au 
interstitial-layer. Interesting- 
ly ' J sc gradually increased with 
increasing the thickness of the Au 
layer from 0 to 2 nm and showed 
maximum around Z nm. The effective 
recombination between electrons in 
Me-PTC of the back cell and holes 
in H 2 Pc of the front cell has to 
take place to flow the Photocurrent 
through the tandem cell. This 
result indicates that this recombi- 
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Fig. 4. Action epeotra of J flC for a 
single cell (a) and a tandem cell with 
2 nm-thiok Au interstitial-layer (b). 
Action spectrum of J 8C for a back cell 
calculated by Eq. 1 is also shown (c). 




0 1 2 ~T 

Au thickness / nm 

Fig. 5. Dependence of J 8C and V O0 of 
the tandem cell on the thickness of 
the inserted AU layer. Thlckneaa of 
the pigment layer la the same as tn 
Fig. 3. j se was measured under eao 
no light (0\e2.mw cm-2) and it was 
corrected for the tranamittance of 
the Au layer. v ec was measured under 
white light (78 mW em-2). 



nation efficiency much depends on the thickness of the Au layer SlB «. . 
turn is Polycrystalline and its surface is not uniform mi l') TolTl IT™ 
larsr on the pigment film seems to have an island struct^ 2 'J? ^J%£ 



BEST AVAILABLE COPY 



03*26 16:40 1998 FROM: 3174940139 
MAR 26 '98 01 :07PM TECH INTO SERVICE 

330 . 



TO: 2124820782 



PAGE: 



Oxmhtry letter*, 1990 



P. 6 



500m 

Fie- 6. SEM Photograph of the surface 

of ITO/Me-PTC(70 nn»/H 2 Pc(S0 nm) . 



the photogenerated holes in the front cell 

and tne photogenerated electrons In the back 

cell can recombine. Outside of the Au 

sites, electrons and holes were separated 

each other due to the p-n Junction formed 
between H 2 Pc and Me -PTC. Thus, the photccur- 
rent density of the tandem cell la dependent 
on the number of the Au effective recombina- 
tion sites which increase with the Au thick- 
ness. 

Jfle decreased when the thickness of the 
inserted Au film exceeded 2 nm. Thia phe- 
nomenon is possibly explained as follows ic 
is well-known that H 2 Pc makes an ohmte con- 
tact with au. on the other hand, if Me-PTC 
works as an n-type semiconductor. Sehottky 
barrier is formed between Me-PTC and Au 
This was confirmed by the fact that Me-PTC 
of the Au/Me-PTC Junction showed negative 
Photovoltaare referred to the Au electrode th « . 

formed at the A u/Me-PTC t^Um^TT^^^^ bW1 " 
tion process with holes captured by Au Si„ fl 1» „ PreVe " tS 
« «JI. carrier seems to be J ^ 
ffrow and connect to each other beyond 2 „. However, Au islands start to 

that the surface resiatance of t r AU tn 7 * ^ 

PrC(70 nm) fum started to decrease around 2 „ of A uZT ^ 
e< that the ScbottUy barrier ^TL^ltJ' J*"' " 
Prevented the electron-hole recombination when the L T — 
leyer was beyond 2 nm. Che thickn «« of the inserted Au 

Large photovoitage was easily obtained in a t,„H 
inserting the ultra-thin Au layer between w 0 unit ceiiT * 
Photocurrent density. optimization of the thuL~ B J? " *° incr «" 

that of the pig n ent layer is important BSertQ<I AU X&y " « -« « 
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